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PURPOSE: To enable parts of a light-transmitting conductive film to be selectively 
removed in minute patterns \vithout damaging a base provided as a substrate, by 
irradiating the film with pulses of li^ht with a wavelength of not larger 
than 4innm fhrou^h l^ght- transmitting mask, 

CONSTITUTION: A body in ^hich a film 5 of a non-sublimable metal or an organ- 
ic resin not transmitting pulses of laser light with a wavelength of not larger 
than 400nm is selectively provided on synthetic quartz 4 is used as the light- 
transmitting mask. The mask is placed on the light-transmitting conductive film 
2 provided on a glass base 1 and comprising tin oxide or indium oxide as a 
main constituent, and the film 2 is irradiated with pulses of laser light with a 
wavelength of not larger than 400nm through the mask. By this, the irradiated 
pans of the film 2 on the irradiated side 3 are pulverized, followed by ultrasonic 
cleaning to produce the minute patterns. 
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SPECIFICATION 

1 . TITLE OF THE INVENTION 

Method of manufacturing a photoelectric conversion semiconductor 
device 

2. SCOPE OF PATENT CLAIMS 

1. A method of manufacturing a photoelectric conversion 
semiconductor device, characterized by comprising the steps of: forming on a 
substrate having an insulation surface a first electrode of a metal or a first 
electrode consisting of said metal and a translucent conductive film on said 
metal, and a non-single crystal semiconductor which is in close contact 
withsaid electrode and generates a photoelectromotive force by the 
irradiation of light to light-anneal said semiconductor by an intense light 
having a wavelength of 500 nm or less; and forming a second electrode by a 
translucent conductive film which is in close contact with said 
semiconductor. 
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2. A method of manufacturing a photoelectric conversion 
semiconductor device, characterized by comprising the steps of: forming a 
first conductive film on a substrate having an insulation surface by a metal 
coating or by a metal coating and a translucent conductive film on said metal 
coating; defining a first open groove in said first conductive film by the 
irradiation of a laser beam and dividing said first conductive film into a 
plurality of predetermined shapes to form a plurality of first electrodes; 
forming a non-single crystal semiconductor which generates a 
photoelectromotive force on said electrode and said open groove by the 
irradiation of a light; forming a second open groove or open hole in said 
semiconductor by the irradiation of a laser beam; irradiating an intense light 
having a wavelength of 500 nm or less in a process before or after said 
second open groove forming step; forming a second electrode of a translucent 
conductive film on said semiconductor and said second open groove; and 
subsequently forming a third open groove in said second conductive film and 
said semiconductor by the irradiation of a laser beam to the second 
conductive film and said semiconductor, thereby forming a plurality of 
second electrodes. 

3. The method of manufacturing a photoelectric conversion 
semiconductor device as claimed in claim 1 or 2, characterized by further 
comprising the step of forming a region where crystallization is promoted on 
or in the vicinity of the surface of the non-single crystal semiconductor by 
light-annealing. 

3. DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a photoelectric conversion device 
which is capable of generating a high voltage in which a plurality of 
photosensitive conversion elements (also simply called "elements") disposed 
on a substrate having a flexibility and an insulation surface are electrically 
connected in series, which comprises a non-single crystal semiconductor 
including an amorphous semiconductor, which has at least one junction 
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where a photoelectromotive force can be generated by the irradiation of a 
light. 

According to the present invention, an intense light having a 
wavelength of 500 nm or less is irradiated to the non-single crystal 
semiconductor which is in close vicinity of the light irradiated surface side to 
promote the crystallization of a P- or N- type semiconductor layer and an I- 
type semiconductor layer close to that layer, thereby reducing a light 
absorption there (a reduction in absorption loss). Also, in order to reduce 
the density of the recombination center in t_he vicinity of a P-I junction or an 
N-I junction interface, the junction interface provides the same crystallinity 
in the morphology although it has an electrical junction. 

In the present invention, conversely, hydrogen or halogen elements 
have been added inside of an I-layer in a non-single crystal semiconductor 
which has amorphous or a low crystallinity, and photoelectric conversion is 
made by increasing light absorption, conversely. 

In particular, according to the present invention, in a process before an 
electrode of a translucent conductive film which is liable to act as a filter for 
ultraviolet lights is formed on the light irradiated surface side, there is 
conducted so-called light annealing where an intense light of 500 nm or less, 
in general, 300 to 450 nm absorption of which is great in that surface is 
irradiated on that surface to promote the crystallization of a portion in the 
vicinity of the surface (1000 A or less). 

In the present invention, the light annealing should not impede 
isolation in an integrated structure by an increase in electric conductivity 
which is accompanied by the annealing at the same time. For that reason, in 
the method according to the present invention, after light annealing has been 
conducted, a translucent conductive film for a second electrode is formed, 
and thereafter the conductive film and the non-single crystal semiconductor 
below that conductive film are removed "at the same time" by a YAG laser 
beam to which a laser beam (Q-switch) is irradiated- As a result, because a 
poly-crystallized region which has been obtained through laser annealing is 
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also caused to be removed at the same time, isolation between the respective 
cells can be completed without being accompanied by some excessive 
process, thereby being capable of producing a desired photoelectric 
conversion device which is the feature of the present invention. 

In the present invention, there is provided a flexible metal foil as a 
base material, and there is used on the foil a heat resistant flexible substrate 
sheet (hereinafter simply referred to as "substrate") having an insulation 
surface which is coated with a heat -resistant organic resin film or an 
insulation film of 0.1 to 3 p. thickness.... 

The present invention is characterized in that in order that an area 
necessary for connection between a plurality of elements is set to 1/10 to 
1/100 of the area in the conventional mask matching system, there is used a 
laser scribe system (hereinafter referred to as "LS") in a maskless process. 

In the present invention, a technique in which a laser beam is 
irradiated onto a surface to be processed, and LS using heat of the laser 
beam or LCSC (laser chemical scribe) that uses the heat together with a 
chemical reaction of the atmospheric gas or liquid is called "laser scribe (LS)" 
as a general name. 

The arrangement, size and configuration of the element in the device 
according to the present invention is determined according to the design 
specification. However, in order to simplify the contents of the present 
invention, the following detailed description will be made on the basis of a 
pattern in a case where a first electrode at a lower side- (substrate side) of a 
first element is electrically connected in series to a second electrode (on a 
semiconductor, that is, at a side apart from the substrate) of a second 
element disposed right adjacent to the first element. 

Then, a laser beam for LS, for example, a YAG laser of l,06\i or 0.53 \i 
in wavelength (focal length is 40 mm, laser beam diameter is 25 ^) is 
irradiated to the above regulated position. 
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In addition, this is moved at an operation speed of 0.05 to 5 m/min, 
for example, 1 m/min, and an open groove dependent on the above process 
is formed. 

According to the present invention, in the case where the substrate is 
made of a translucent glass, because the glass substrate absorbs ultraviolet 
lights even if the light annealing is intended to be made according to the 
present invention, poly-crystallization cannot be made on the semiconductor 
at the light absorption surface side which -is large in the number of photon. 

The present invention has been made to eliminate the above 

complicated process, and an object of the present invention is to provide a 
method of manufacturing an epochal photoelectric conversion device in 
which a semiconductor is formed on a non-translucent substrate, and an 
ultraviolet light annealing is conducted on its upper surface by irradiation of 
a light, which is capable of enhancing the yield from about 60% of the prior 
art to 87% without any increase in manufacturing process. 

Hereinafter, the details of the present invention will be described with 
reference to the drawings. 

Fig, 1 is a vertical sectional view showing a manufacturing process in 
accordance with the present invention. 

In the drawing, a flexible substrate (6) of a metal foil which has been 
subjected to insulation surface processing, for example, a substrate (1) which 
is obtained by forming polyimide resin (7) at 0.1 to 3 ^ thickness, in general 
about 1.5 )x in thickness on a stainless foil of 10 to 200 \i thickness, in 
general, 20 to 50 \i thickness, and which is 60 cm in length (right and left 
directions in the drawing) and 20 cm in width is used.- In addition, a first 
conductive film (2) is formed over the entire top surface of the substrate. 
That is, a metal film (25) made of chromium or mainly containing chromium 
is formed in thickness of O.l to 0.5 by the sputtering method, in particular, 
the magnetron DC sputtering method. From the viewpoint of improving the 
characteristic, it is preferable to use a sublimation metal (with respect to a 
laser beam) where copper or silver of 1 to 50 weight% is added to chromium 
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which is a reflective metal optically high in reflectance because there is no 
residue at the time of LS. Further, because the above-mentioned Cu-Cr 
(alloy of chromium and copper), Cu-Ag (alloy of chromium and silver) is 
larger in reflected light in the wavelength region of 500 to 700 nm than a 
chromium conductive material by about 10%, it is effective particularly to a 
light enclosing device when using a reflected light from a back surface. 

In addition, a translucent conductive film mainly containing tin oxide 
to which halogen elements such as fluorine are added, or ITO (tin oxide, 
indium) (15) (50 to 2000 A, representatively 500 to 1500 A) is formed on 
the metal (25) as a translucent conductive fllm by the sputtering or the 
spray method, thereby forming a first conductive film. 

The first conductive film may be formed of only the metal (25), but in 
order to prevent metal from diffusing reversely into semiconductor in a 
post-process, it is very effective to employ a blocking layer made of tin oxide 
(13). Further, tin oxide and a P-type semiconductor layer on a top surface of 
the tin oxide, as well as ITO and an N-type semiconductor layer on a top 
surface of the ITO are excellent in ohm contact property, respectively. In 
addition, they are extremely effective in an improvement of the reflection 
effect when lengthening a substantial optical path length by reflection of a 
longer wavelength light of incident lights on a back-surface electrode (the 
first electrode). 

Thereafter, an output of 0.3 to 3 W (focal length 40 mm) is added from 
the top side of the substrate by a YAG laser processing machine (made by 
Nippon Electric Co.), and while a spot diameter of 20 to 70 ^icj), 
representatively, 40 M-^t* is controlled by a microcomputer, a laser beam is 
irradiated from the above, and a first open groove (13) for a scribe line is 
formed by its scanning. Then, a first electrode (37) .is produced in each 
region between the elements (31) and (11). 

The open groove (13) formed by LS is about 50 |i in width and 20 cm 
in length, and its depth is perfectly cut and separated in order to form the 
first electrode, respectively. 
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In this way, the width of the regions that form the first element (31) 
and the second element (11) is set at 5 to 40 mm, for example, 15 mm. 

Thereafter, a non-single crystal semiconductor that generates a 
photoelectromotive force due to the irradiation of a light, that is, a non-single 
crystal semiconductor layer (3) to which hydrogen or halogen elements 
having P-N or P-I-N junction are added is formed in thickness of 0.3 to 1.0 |i, 
representatively 0.7 [i on its top surface through the plasma CVD method, the 
photo CVD method or the LPCVD method'. 

Its representative examples are a.Jion-single crystal semiconductor 
having one P-I-N junction which is made of a P-type (SixCi.x 0 < x < 1) 
semiconductor (about 300 A) (42) - I-type amorphous or semi-amorphous 
siJicon semiconductor (about 0.7 ii) (43) - semiconductor (44) having N-type 
micro-crystal (about 200 A), or N-type micro-crystal silicon (about 300 A) 
semiconductor - I-type semiconductor - P-type micro-crystallized Si 
semiconductor - P-type SixCi.x (about 50 A, x = 0.2 to 0.3) semiconductor. 

The above non-single crystal semiconductor (3) are formed uniformly 
in thickness over the entire surface. 

In addition, as shown in Fig. 1(B), the second open groove (18) is 
formed over the leftwise side (the first element side) of the first open groove 
(13) by a second LS process. 

In the drawing, distance between the centers of the first and second 
open grooves (13) and (14) is 50 [i. 

Thus, the second open groove (18) allows the side surfaces (S) and (9) 
of the first electrode to be exposed. 

In addition, according to the present invention, although only the 
surfaces of the translucent conductive film (15) and the metal film (5) of the 
first electrode (37) may be exposed, the laser beam of 0.1 to 1 W, for 
example, 0.8W is slightly strong in order to improve the manufacture yield, 
and all of the first electrode (37) in the depthwise is caused to be removed. 
As a result, even if the second electrode (38) is closely contact with the side 
surface (8) (only the side surfaces, or the side surfaces and edge portions of 



7 



the top surface) at a connector (30) in Fig. 1(C), because no insulation barrier 
is generally formed on an interface of an oxide-oxide contact (tin oxide-ITO 
contact), there is particularly no abnormality such as increase in contact 
resistance. Therefore, there is no problem in practice use. 

In Fig. K on its top surface are formed the second conductive film (5) 
which is a surface and the connector (30) as shown in Fig. 1(C). 

Furthermore, the outline of a light annealing device for emitting a light 
of 500 nm or less (generally, 200 to 450 'nm) in wavelength and a method of 
emitting the light in accordance with the method of the present invention 
will be described with reference to Fig. 2. 

A substrate (60) to be irradiated is shown in Fig, 1(B). 

The structure before the translucent electrode is formed is used as a 
subject substrate in the light annealing device in Fig. 2. 

As a light source, there is used a rod-shaped ultra-high pressure 
mercury lamp having an output of 500 W or more (light emission 
wavelength of 200 to 650 nm). In particular, in this example, an ultra- 
vacuum mercury lamp made by Toshiba (KHM 50, output 5 KW) is used. 
That is, a power supply (50) has a primary voltage of AC200V, 30A and a 
secondary voltage (52) of AC4200V, 1.1 to 1.6A. Further, in order to 
suppress heating of the mercury lamp, and in order to prevent the 
generation of heat annealing due to heating of the substrate, the outer side 
of the mercury lamp is supplied from a water cooler (519, (51')). 

The mercury lamp (54) generates a short-wavelength light of 300 to 
450 nm, and a light having a long wavelength of 500 nm or more is cut by a 
filter (59) to converges by a quartz lens (55). 

The mercury lamp is in a rod shape of 20cm length, and a cylindrical 
lens is used as the lens. Further, a shutter (56) is disposed before the light is 
sufficiently converged or between the lens and the mercury lamp. 

The linear ultraviolet light thus converged has a width of 100 p, to 2 
nm, and a length of 18 cm. The energy density is about 5 KW/cm3 (in the 
case where the width is 1 mm). 
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The irradiated light (57) is converged on a surface to be irradiated and 
focussed. Then, the light is moved on an X table (61) at a given speed. 

In this way, the ultraviolet lights centering 300 to 450 nm is almost 
absorbed in the non-single crystal semiconductor in the depth of 1000 A or 
less, with the result that a very thin region of this surface can be 
crystallized. In addition, because the annealing according to the method of 
the present invention is light annealing, there is no case where hydrogen or 
halogen elements which have beert already contained therein are 
degassified. Further, because crystallization is promoted by light annealing, 
there are double advantages that optical Eg is not decreased, and that its 
light absorption coefficient can be reduced due to crystallinity. 

However, inside of the I-layer which is an active region should be held 
in a state (34) where light absorption is large, that is, in an amorphous or 
low-crystallinity state, not in a state of so-called poly-crystallization. 
Conversely, a P- or N- type layer or an I-layer in the vicinity of that layer in 
addition thereto are selectively reduced in light absorption coefficient, and in 
addition, in order that the density of the re-combination center on the 
junction interface is reduced, it is important to make the layer poly- 
crystallization (33) on the junction interface continuously in view of crystal. 
This proves that it is important to perform selectively light-anneal of only a 
portion in the vicinity of the semiconductor surface by ^ the short-wavelength 
light. 

Thereafter, a plurality of second electrodes (39) and (38) are isolated 
and formed by cutting and separating the layer by the third LS to obtain a 
third open groove (20). 

The second conductive film (4) is formed at a thickness of 300 to 1500 
A by using a translucent conductive oxide film (CTF) (45). 

As the CTF, in this example, ITO (mixture mainly containing indium 
oxide and tin oxide) (45) which is in good ohm contact with the N-type 
semiconductor is formed. The CTF can be formed with indium oxide as a 
main component. As a result, there are provided the second electrodes (38) 
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and (39) which is in close contact with the semiconductor. As the CTF, a 
translucent conductive film formed of a non-oxide conductive film such as 
compound consisting of chromium and silicon may be used. 

These are formed at a temperature of 250X or less using the electron 
beam vapor deposition method, the sputtering method, and a CVD method 
including the photo CVD method and the photo plasma CVD method for the 
purpose of preventing the deterioration of a semiconductor layer. 

In addition, along the depth of -the third open groove, there are 
removed not only the second electrode but also the semiconductor layer (3) 
under the second electrode and the poly-crystallized layer (33) so that the 
first electrode is partially exposed. This prevents that a part of the second 
electrode remains disenabling two elements to be separated electrically due 
to the fluctuation of the LS irradiation intensity (power density) when 
forming the open groove. 

This laser beam scoops out and removes the semiconductor, in 
particular, non-single crystal semiconductor (31) that is in close contact with 
the lower surface of the second electrode, and also scoops out and removes 
the semiconductor layer (33) having the electric conductivity particularly 
high in poly-crystallization. The non-single crystal semiconductor in a region 
to which a laser beam has been irradiated electrically insulated 
simultaneously together with the LS, thus perfect the insulation between two 
electrodes (38) and (39). 

For that reason, if the CTF of the first electrode at the lower side of the 
semiconductor mainly contains tin oxide superior in heat resistance to ITO, 
while the first electrode is left unremoved, the semiconductor which is liable 
to absorb the heat energy of the laser beam is selectively removed together 
with the second electrode material, thereby being capable of readily forming 
the third open groove. 

In addition, in a semi-defective device (5 to 10 % of all) where leakage 
is 10-5 to 10-7 A/cm in terms of a manufacture yield, that only the surface 
portion is lightly etched with hydrofluoric acid 1: nitric acid 3: acetic acid 5 
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being diluted with water 5 to 10 times to chemically remove silicon and a 
low-grade oxide in the open groove portion to the depth of 50 to 200 A 
together with metal impurities such as indium is effective in reduction of 
leakage. 

In this way, as shown in Fig. 1(C), a photoelectric conversion device in 
which a plurality of elements (31) and (11) are connected in series at a 
coupling portion (4) can be manufactured. 

Fig. 1(D) shows that the present invention is completed as a 
photoelectric conversion device. That is, a silicon nitride film (21) is 
uniformly formed in thickness of 500 to 2000 A as a passivation film 
through the plasma gas phase method or the photo plasma gas phase 
method, thereby further preventing the occurrence of the leak current 
between the respective elements due to absorption of moisture or the like. 

Further, an externally lead terminal (23) is provided in a peripheral 
portion. 

Thus, in the substrate (60 cm x 20 cm) as in this embodiment with 
respect to the irradiated light (10), the respective elements are provided in 
the form of fancy paper strips having 14.35 mm x 192 mm in width, and 
also they are in 40 stages within substantially 580 mm x 192 mm by the 
coupling portion 150 in width, the externally lead electrode portion 10 mm 
in width, and the peripheral portion 4 mm, thereby being capable of 
obtaining an effective area (192 mm x 14.35 mm, 40 stages, 1102 cm2, that 
is, 91.8%). 

As a result, in the case where the segment has a conversion efficiency 
of 11.3% (1.05 cm2), the panel has 6.6% (although it is logically 9.1%), the 
effective conversion efficiency is lowered due to 40-stage series connection 
resistance (AMI (lOOnW/cm^)), thereby being capable of providing the 
output power of 68.4 W. 

Further, three or four panels of, for example, 40 cm x 40 cm or 60 cm x 
20 cm are combined in series within a rigid frame of an aluminum sash or a 
flexible frame made of carbon black so as to be packaged, thereby being 
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capable of providing a large-power panel of 120 cm x 40 cm NEDO 
regulations. 

Also, it is effective to increase a mechanical strength against a wind 
pressure, rains and so on by sticking the top surface of the photoelectric 
conversion device of the present invention to a back surface of a glass 
substrate (an opposite side of the irradiated surface) by see flex for the 
panel of the NEDO regulation. 

Further, the present invention will be described in detail with 
embodiments stated below. 
Embodiment 1 

This embodiment will be described with reference to Fig. L 

That is, there is used a substrate having 60 cm in length and 20 cm in 
width which is coated in thickness of 1.5 |i on a surface of a stainless foil 
with a thickness of about 50 using polyimide resin PIQ is used as a metal 
foil substrate (1) having an insulation coat. 

Further, chromium to which copper 1.0 to 10 weight%, for example, 2.5 
weight% is added is formed in thickness of 0. 1 to 0.2. A on the substrate by 
the magnetron sputtering method, and SnOz is formed in thickness of 1050 A 
on a top surface thereof by the sputtering method. 

Thereafter, a first open groove is formed at a scanning speed of 0.3 to 
3 m/min (3 m/min in average) by a YAG laser of 50 p. in spot diameter and 
0.5 W in output while being controlled by a microcomputer. 

The element regions (31) and (11) are 15 mm in width. 

Thereafter, a non-single crystal semiconductor having one P-I-N 
junction shown in Fig. 1 is manufactured by the known PCVD method, photo 
CVD method or photo plasma CVD method. 

The total thickness is about 0.7 

Thereafter, the first open groove is sifted at the first element (31) side 
by 50 \i while it is monitored through a TV set, and a second open groove 
(14) is manufactured by LS under the conditions of the spot diameter' 50 la, 
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the mean output 0.5 W, the room temperature, frequency 3 KHz and 
operation speed 60 cm/min. 

Thereafter, using the device of Fig. 2, light annealing processing is 
conducted on the P-type semiconductor layer. As a result, the micro- 
crystallized P-type semiconductor layer and the region (33) of the I-type 
semiconductor layer (45) under the P-type semiconductor layer are 
structured as a poly-crystallization region. Further, the I-type 
semiconductor (34) under the region (33') can be remained as an amorphous 
or low micro-crystal silicon semiconductor^ containing hydrogen. 

The crystal semiconductor (33) is the thickness of about 800 A and can 
be made deeper or shallower by varying the continuous moving speed of the 
table or repeatedly irradiating light annealing. 

The semiconductor thus obtained is immersed in 1/10 HF to remove 
the insulation oxide of the surface, and the whole semiconductor is 
structured such that there formed ITO of CTF in the mean thickness of 700 A 
through the sputtering method to form the second conductive film (5) and 
the connector (30). 

Further, similarly, the third open groove (20) is shifted at the first 
element (31) side by the depth of 50 from the second -open groove (14) by 
LS to obtain Fig. 1(C). 

In this situation, the bottom of the depth of the third open groove 
reaches the surface of the first electrode. 

For that reason, the CTF and the semiconductor layer are completely 
removed. 

The laser beam is 0.5W in mean output, and other conditions are the 
same as those in the second open groove manufacture. 
Thus, the process shown in Fig. 1(C) is completed. 

After the process of Fig. 1(C), the edge portion of the panel is scanned 
by the laser beam output 1 W in rectangle inside of the glass edge by 4 mm 
along all of the first electrode, the semiconductor, and the second electrode 
to prevent the electric short-circuiting of the frame of the panel. 
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Thereafter, the passivation film (21) is formed at a temperature of 250 
°C with the silicon nitride film 1000 A in thickness through the PCVD method 
or the photo plasma CVD method. 

As a result, 40 stages of elements 15 mm in width can be 
manufactured in the panel of 20 cm x 60 cm. 

The obtained effective efficiency of the panel is 6.7% and output 73.8 
W by AMI (100 mW/cm^). 

The effective area is 1102 cm^. and 91.8% of the entire panel can be 

effectively used. _ 

Embodiment 2 

A substrate having 20 cm x 60 cm in size where the stainless foil 30 
|xm in thickness is subjected to PIQ coat processing is used. Further, a 
plurality of photoelectric conversion devices for a desk-top electronic 
calculator 5cm x Icm in each size are manufactured on the same substrate. 
In this example, the element configuration is of 5 continuous arrays 9 mm x 
9 mm. 

The first electrode is made of reflectional metal alloy consisting of 
chromium and silver (silver 1 to 10 weight%, for example, 2.5 weight%). ITO 
is formed by the same sputtering method, and lower second electrode is 
forme by LS. In addition, on its top surface is provided a non-single crystal 
semiconductor having an N-I-P junction, and also the back surface is 
irradiated with a light by a mercury lamp to poly-crystallize a portion in the 
vicinity of the surface in the depth of 1000 A or less. Further, the second 
electrode is manufactured on the P-type semiconductor using tin oxide 
(1050 A). Others are the same as those in the first embodiment. 

A coupling portion is 100 ji, and an external electrode is provided with 
the left edge and the right edge of Figs. 1(A) and 1(B) as an external lead 
electrode structure. 

As a result, 250 desk-top electronic calculator devices can be 
manufactured at one time. 
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Devices having the effective conversion efficiency of 3.8% or more are 
examined as a good product by a fluorescent lamp 500 Ix. 

As a result, the final manufacture yield of 76% can be obtained. 

This is very effective if considering that only 40 to 50% is obtained in 
the conventional method, and the required area of the coupling portion is 
large. 

Others are the same as those in the first embodiment. 

Further, in the case where the sheet is cut, automatic cutting is 
available by LS using an intense pulse light 10 to 15W. 

In this embodiment, if a light-transmission protection organic resin 
(22), for example, 2P (resin hardened by irradiation of ultraviolet lights) is 
sugerimposed on the upper light-irradiated side, the photoelectric 
conversion device can be interposed between the metal layer and the 
organic resin, thereby being capable of manufacturing the flexible and 
inexpensive devices with mass production. 

In the present invention, the ultraviolet lights are irradiated by using 
a mercury lamp. However, it is effective that light having wavelength 100 to 
500 nm is obtained by use of an excimer laser, a nitrogen laser, an argon 
laser, or the like. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a vertical sectional view showing a process of manufacturing 
a photoelectric conversion device in accordance with the -present invention. 

Fig. 2 shows the outline of a device for conducting light annealing in 
accordance with the present invention. 
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